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ABSTRACT 

This study examines alternative locations for the eight 
HC-130, long-range, fixed-wing aircraft available in the 
U. S. Coast Guard Atlantic Area during the FY 75 - FY 84 
period. The objective was to achieve the maximum effective- 
ness possible at a reasonable cost. A computer simulation 
of HC-130 air operations in the region of interest was 
developed to produce relevant cost and operational effec- 
tiveness measurements. The study indicates that of the 
three potential sites considered- -Coast Guard Air Station 
Cape Cod, Massachusetts, Coast Guard Air Station Elizabeth 
City, North Carolina, and the St. Petersburg-Clearwater 
International Airport, Florida- -assignment of three HC-130s 
at CGAS Elizabeth City and five at St. Petersburg-Clearwater 
is optimal. 
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I. INTRODUCTION 



Title 14 of the United States Code designates the 
United States Coast Guard as the government agency whose 
primary responsibility is to "...develop, establish, 
maintain and operate ... rescue facilities for the promotion 
of safety on, under and over the high seas and waters 
subject to the jurisdiction of the United States... ." 

The Coast Guard is also tasked with numerous other duties 
which range in diversity from military readiness to oil 
pollution control. 

To meet its widely varying responsibilities the Coast 
Guard utilizes several types of land, sea and airborne 
craft. These craft, and their operating and support person- 
nel, must be located strategically to effectively carry 
out their missions in both an operationally and economically 
efficient manner. The high cost of aircraft, relative to 
most land and sea craft, along with their unique rescue, 
surveillance and logistics capabilities, makes the strategic 
location of aircraft and their support facilities and per- 
sonnel particularly critical. 

The aircraft inventory of the Coast Guard currently 
consists of the HU-16E medium- range , fixed-wing amphibian, 
the HH-52A short-range, amphibian helicopter, the HH-3F 
medium- range , amphibian helicopter and the HC-130 long- 
range, fixed-wing aircraft. Various combinations of these 
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aircraft are assigned at Coast Guard Air Stations 
throughout the United States. 

The coastal areas of the United States are divided 
between two major operational commands. The Coast Guard 
Pacific Area includes the Pacific coast, Alaska and Hawaii, 
and the Coast Guard Atlantic Area is comprised of the 
Atlantic coast and the Gulf of Mexico. 

For several reasons the optimal allocation of the 
long-range HC-130 aircraft in the Coast Guard Atlantic 
Area is worthy of special attention. The Coast Guard 
Atlantic Area already has a significant and growing require- 
ment for long-range search and rescue (SAR) , surveillance, 
and major logistics flights. The HC-130, a cargo/transport 
type aircraft, is ideally suited for all of these missions. 
In addition, recently allocated funds will provide for an 
increase in the number of HC-130s in the Coast Guard 
Atlantic Area from six to eight. With this increase in 
resources, the question of where to most optimally assign 
the available HC-130 aircraft within this region is being 
addressed by the service. 

A large number of variable factors such as type of 
missions, mission occurrence times, location of aircraft, 
and availability of aircraft are significant in the opera- 
tion of a small fleet of aircraft which must satisfy a 
multi-mission responsibility over a wide geographic area. 

A computer simulation model of aircraft operations and 
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maintenance in the Coast Guard Atlantic Area with provisions 
for various aircraft allocations and response capabilities 
was developed to consider these variables in the subject 
study. The simulation model was exercised extensively, 
the results evaluated, and observations made concerning 
the model and optimal location of HC-130 aircraft within 
the Coast Guard Atlantic Area. 
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II. NATURE OF THE PROBLEM 



In fiscal year 1959 the United States Coast Guard 
began utilization of HC-130 long-range, fixed-wing aircraft 
in the prosecution of its multiple roles and missions in 
the Coast Guard Atlantic Area (COMLANTAREA) . Since that 
time these aircraft, along with the HU-16E, a medium- 
range, fixed-wing aircraft, have provided all of the 
service's fixed-wing flight capability for both search and 
rescue (SAR) and other mission requirements. As indicated 
in Ref. 1, additional appropriations will increase the 
number of HC-130s in COMLANTAREA from the current six to 
eight by FY 1975, while the replacement of all HU-16E 
aircraft by small, medium- range , fixed-wing aircraft is 
scheduled for completion by FY 78. Through FY 73 all 
COMLANTAREA HC-130 aircraft were centrally located in 
relation to the command's maritime areas of responsibility. 
Because of the major alterations in resource types, numbers 
and capabilities, and the corresponding shifts in resource 
work load requirements both by type and location, the loca- 
tion of the limited number of HC-130 aircraft available 
must be carefully studied and plans must be formulated to 
optimize their operational capabilities subject to fiscal 
efficiency considerations. 

In addressing the question of optimal location of the 
long-range, fixed-wing aircraft within COMLANTAREA, an 
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understanding of the factors which affect the utilization 
of these aircraft such as command and control, current 
locations of other aircraft, individual aircraft type 
characteristics and mission requirements is essential. 

A. GEOGRAPHICAL AREA AND OPERATIONAL CONTROL 

COMLANTAREA is a purely operational command 
headquartered at Governor's Island, New York, which has 
primary responsibility for the Atlantic and Gulf of 
Mexico coastal states, plus New Mexico and Vermont and the 
waters adjacent thereto. The operational area is divided 
into the First, Third, Fifth, Seventh and Eighth Coast 
Guard Districts which are both operational and administra- 
tive commands. The COMLANTAREA Coast Guard Air Stations 
are Coast Guard Air Station (CGAS) Cape Cod, CGAS Brooklyn, 
CGAS Cape May, CGAS Elizabeth City, CGAS Savannah, CGAS 
Miami, CGAS Puerto Rico, CGAS St. Petersburg, CGAS Mobile, 
CGAS New Orleans, CGAS Houston and CGAS Corpus Christi. 

Primary control of an aircraft is vested in the district 
commander within whose district the aircraft is assigned. 
Missions occurring within the district boundaries, or 
generated by individual district commanders, are carried 
out under that district commander's control by the aircraft 
assigned within the district, if the capability exists. 

When missions cross district boundaries . and/or involve 
units from more than one district, COMLANTAREA controls 
the mission and the units involved. This alternative 
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control is important. In the past, with all the HC-130s 
located in the Fifth Coast Guard District, COMLANTAREA 
controlled their operational utilization to a significant 
degree . 

The primary SAR region of responsibility for COMLANTAREA 
is the Atlantic Ocean off the coast of the United States 
and the Gulf of Mexico. It also conducts many SAR missions 
in the Caribbean Sea and the North Atlantic Ocean off the 
Canadian coast. 

B. AIRCRAFT CHARACTERISTICS 

1 . HU-16E "Grumman Albatross" 

The Grumman HU-16E twin reciprocating-engine, 
amphibious, fixed-wing aircraft, is capable of performing 
medium logistic missions, but is used primarily as a 
surveillance and search vehicle with rescue equipment (rafts, 
dewatering pumps, general emergency supplies) and night 
illumination delivery capability. Its normal cruising 
speed is 140 knots. The HU-16E effective offshore search 
radius with two and one-half hours of search time on-scene 
is 500 nautical miles. Although an amphibian, use of the 
HU-16E for water surface recovery was officially terminated 
in FY 73. 

2 . HH-52A "Sikorsky Sea -Guard" 

The Sikorsky HH-52A single- turbine , amphibious 
helicopter is primarily a short-range SAR vehicle with a 
limited rescue equipment delivery capability. Also, it is 



11 



used for small, light-weight, logistics missions and various 
types of "local" surveillance flights. The IIH-52A has a 
normal cruising speed of 90 knots with a maximum offshore 
range of 150 nautical miles allowing a loiter time of 20 
minutes on-scene. Because they have a single engine, 

Coast Guard air operations doctrine requires air cover for 
HH-52As when operating off the coast. 

3. HH-3F "Sikorsky Pelican" 

The Sikorsky HH-3F twin turbine, amphibious helicopter 
is a medium-range SAR vehicle with a full rescue equipment 
and night illumination delivery capability. It is also 
capable of performing logistics missions and medium-range 
surveillance flights. Its normal cruise speed is 125 
knots. The HH-3F can either proceed 300 nautical miles 
offshore allowing a loiter time of 20 minutes on-scene or 
200 nautical miles allowing a loiter time of two and one- 
half hours for search. 

4 . HC-130 "Lockheed Hercules" 

The Lockheed HC-130, a four-engine, turbo-prop, 
long-range, fixed-wing aircraft, is capable of performing 
major personnel and cargo logistics missions as well as 
extended surveillance and search missions. It also has 
the capability of air dropping rescue equipment and pro- 
viding night illumination. At the time of this study, 
both "B" and "E" models of the HC-130 were in the 
COMLANTAREA inventory. The HC-130 has a normal cruising 
speed of 300 knots at altitude. The "B" model is capable 
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of proceeding twelve hundred miles offshore at high 
altitude, letting down and searching for two and one-half 
hours on two engines, and returning to base at high alti- 
tude. The "E" model IIC-130 has an approximately thirty 
per cent increased range/endurance capability. 

5 . Planned Medium-Range, Fixed-Wing Replacement Aircraft 
A replacement medium-range search/surveillance (MRS) 
aircraft is scheduled for implementation into the Coast 
Guard aviation system beginning in FY 74. The type air- 
craft selected is anticipated to be a 

". . . limited mission aircraft to perform MEP (marine 
environmental protection), short-range ELT (enforce- 
ment of laws and treaties) and other missions within 
its capability." 1 

These aircraft are primarily intended to accomplish the 
non-SAR missions previously performed by HU-16E aircraft. 

At the time of this study, two small turbojet aircraft 
with speeds of approximately 400 knots and ranges of 1200 
to 1800 nautical miles were being evaluated for this role. 



'Coast Guard Aircraft Characteristics Board Report 
dated 31 May 1972. 
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C. AIRCRAFT ALLOCATIONS 



1 . COMLANTAREA Aircraft Assignments in FY 73 



UNIT C 


-130 


HU-16E 


HH-3F 


HH - 52A 


Portland 


- 


- 


- 


3 


Cape Cod 


- 


3 


3 


4 


Brooklyn 


- 


- 


3 


3 


Cape May 


- 


- 


- 


3 


Elizabeth City 


6 


3 


- 


3 


Savannah 


- 


- 


- 


3 


Miami 


- 


5 


- 


3 


Puerto Rico 


- 


- 


3 


- 


St. Petersburg 


- 


- 


4 


- 


Mobile 


- 


3 


- 


- 


New Orleans 


- 


- 


4 


- 


Hous ton 


- 


- 


- 


3 


Corpus Christi 


- 


4 


- 


2 


2. COMLANTAREA 


Planned 


l Aircraft 


Assignments in 


UNIT C 


-130 


HU-16E 


HH-3F 


HH-52A 


Portland 


- 


- 


- 


3 


Cape Cod 


5 


- 


3 


- 


Brooklyn 


- 


- 


- 


7 


Cape May 


- 


- 


- 


4 


Elizabeth City 


- 


- 


4 


- 


Savannah 


- 


- 


- 


3 


Cocoa Beach 


3 


- 


- 


2 


Miami 




_ 


_ 


5 



MRS 



FY 78 



MRS 



3 



3 



6 
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UNIT 



C-I30 HU-16E HH-3F HH-52A MRS 



Puerto Rico 



2 



2 



St. Petersburg 



5 



Mobile 



2 



New Orleans 



4 



Houston 



4 



Corpus Christi 



3 



3 



D. MISSION REQUIREMENTS AND PRIORITIES FOR COMLANTAREA 

HC-130 AIRCRAFT 

As a result of the wide range of programs for which the 
Coast Guard is responsible, many extremely varied types of 
missions must be performed. A general breakdown into 
mission classes is often made using SAR and non-SAR classi- 
fications. SAR missions normally have the highest priority. 
However, in COMLANTAREA only approximately thirty- two per 
cent of the total HC-130 flight hours and forty-one per cent 
of the program HC-130 flight hours are devoted to SAR 
missions. This is not to minimize the importance of the SAR 
responsibilities for the COMLANTAREA HC-130s. By their very 
nature SAR missions are normally emergencies which require 
quick and efficient action. However, to study the efficient 
utilization of HC-130s in COMLANTAREA, the non-SAR require- 
ments as well as the more critical SAR requirements for 
flight hours must be identified and given due consideration. 
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1. SAR Missions 



There are many different types of SAR missions 
which include, but are not limited to: 

Routine searches for overdue boats. 

Removal of personnel from vessels or water. 

Searching for survivors of disasters at sea. 

Airborne delivery of rafts, survival equipment and 

dewatering pumps. 

Night illumination by flares. 

Intercept of aircraft in distress. 

Navigational assistance. 

Surveillance of distressed craft. 

Depending on the type of case, one or more aircraft may be 
required. As noted in paragraph B above, many of the air- 
craft types have overlapping operational capabilities. The 
HC-130s, because of their size, endurance and speed, are 
particularly well suited for long searches, long-term 
surveillance of distressed craft, navigational assistance, 
night illumination, and distressed aircraft intercepts. 

The HC-130s can perform all missions except the retrieval 
of survivors from the water or surface craft. Also, 
because of its crew size and extensive communications 
capability, the HC-130 is a very effective on-scene 
commander platform for search efforts involving many units. 

The assignment of priorities to SAR missions is a 
matter of command decision. When sufficient resources of 
the required type are available priorities need not be 
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designated. However, when this is not the case, aircraft 
substitution decisions must be made, and aircraft must 
be allocated among missions. Every situation is different 
and must be treated individually. Aircraft allocation 
depends on the decision-maker's opinion of the relative 
urgency of each case. Even in times of SAR mission satura- 
tion every effort is made to give each case at least 
partial coverage. When mission requirements exceed the 
Coast Guard's resources, assistance is normally requested, 
and received, from the U. S. Air Force Air Rescue and 
Recovery Service as well as other military organizations. 

2 . Non- SAR Missions 

Without delving into specific program definitions, 
non-SAR aircraft missions may be primarily characterized as 
transportation of personnel and cargo, training and 
surveillance flights. Due to the location of U. S. Coast 
Guard Headquarters, the U. S. Coast Guard Academy and the 
U. S. Coast Guard Aircraft Repair and Supply Center within 
COMLANTAREA and the aviation requirements of the Inter- 
national Ice Patrol the non-SAR mission load for COMLANTAREA 
aircraft is heavy. The HC-130s, with their range, size and 
speed, are utilized to satisfy a large portion of the non- 
SAR work load in COMLANTAREA. 

Non-SAR missions are generated by U. S. Coast 
Guard Headquarters, COMLANTAREA and the individual district 
commanders. In general, non-SAR missions are lower in 
priority classification than all SAR missions. The only 
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exceptions are the International Ice Patrol flights 
during the ice season and a very limited number of 
extremely high priority logistics flights. The exception 
for the International Ice Patrol flights is made because 
these flights very closely approach full SAR mission 
status in their importance to the preservation of life and 
property. The ice season varies in different years but 
usually runs from March through July. During this period 
approximately four flights per week are required with on- 
scene times of four to five hours over the general area 
of the Grand Banks of Newfoundland. Since the decommis- 
sioning of CGAS Argentia in FY 67 one IIC-130 aircraft with 
double crew has been operated on a temporary additional 
duty status from airfields in eastern Canada during the ice 
patrol season. The crews are rotated on a two-week cycle 
and the aircraft are rotated as required for periodic 
maintenance. In addition to the flights during the ice 
season, several flights along the coast of Greenland are 
made throughout the year to predict the ice flow. 

Flights for the U. S. Coast Guard Academy and the 
Electronics Engineering Branch are assigned by U. S. Coast 
Guard Headquarters. A heavy requirement exists for personne 
transportation both for cadets and the U. S. Coast Guard 
Band to and from the academy which is located at New London, 
Connecticut. While particularly heavy during the summer 
months, the requirement exists throughout the year. Most 
of the flights are limited to the eastern half of the 
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United States. The primary flight requirements for the 
U. S. Coast Guard Electronics Branch with its field center 
at Wildwood, New Jersey, involve the transportation of 
personnel and equipment for monitoring Long Range Aid to 
Navigation (LORAN) stations throughout the world. These 
flights are normally designated for the "E" model IIC-130 
aircraft because of headquarters funding and the aircraft's 
special configuration. These missions last from three 
days to as long as two months. Coast Guard Headquarters 
also directs the movement of supplies from the Aircraft 
Repair and Supply Center in Elizabeth City, North Carolina; 
personnel and equipment transportation from Washington, 

D. C. , for oceanographic research work; as well as general 
logistics flights from Washington, D. C., and other points 
throughout the world. 

In addition to International Ice Patrol flights, 
COMLANTAREA directs flights for movement of operational 
cargo such as equipment for air drop to vessels underway 
and oil dispersement liquids and apparatus, as well as 
surveillance flights. Surveillance flights are conducted 
for a variety of reasons including the enforcement of 
fishing treaties and detection of oil pollution. The non- 
SAR flight requirements generated by the individual district 
commanders consist primarily of small-scale personnel and 
equipment transportation, as well as surveillance missions 
and helicopter cover flights for HH-52As operating offshore. 
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The assignment of priorities for non-SAR missions 
is not so critical as that for SAR missions because the 
preservation of human life normally is not involved. 

Within the non-SAR mission classification, the highest 
priorities involve the International Ice Patrol flights, 
critical operational cargo movement, and personnel trans- 
portation. Unlike SAR missions, many non-SAR missions 
can conveniently be delayed or, if necessary, performed 
by other means. 

E. NON- OPERATIONAL FACTORS AFFECTING AIRCRAFT AVAILABILITY 

There are basically three factors which affect the 
availability of aircraft which are not already operational- 
ly deployed. These factors are maintenance, manning person- 
nel, and weather. 

1 . Maintenance 

Mechanical difficulties and preventative maintenance 
criteria are the primary limitation on aircraft availability. 
Aircraft mechanical discrepancies normally are found during 
preflight inspection, in flight, and during post-flight 
inspection. Depending on the seriousness of the mechanical 
discrepancies which occur in flight, the mission may be 
either completed or aborted. HC-130 discrepancies may 
require as little as fifteen minutes, or as many as three 
days, to correct. Of course, the delay may be longer if 
parts are not readily available, or an "out of house" 
inspection team's assistance is required. 
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Primary preventive maintenance is currently conducted 
during maintenance check periods. Aircraft checks for HC-130 
aircraft are mandatory after every sixty-three calendar 
days or two hundred flight hours, whichever occurs first 
[Ref. 1]. HC-130 aircraft checks require an average of 

seven calendar days. Extensions on day/flight hour limita- 
tions between aircraft checks are extremely limited, thus 
creating another factor that must be considered in assigning 
aircraft to missions. Due to limitations on space and man- 
power, having more than one HC-130 requiring a maintenance 
check at a particular time must be avoided. The evaluation 
of a computerized maintenance program for HC-130s was 
initiated in FY 73 [Ref. .1] . If found feasible, and imple- 
mented, such a program would greatly reduce or possibly 
negate -the large down-time required for each aircraft check. 

2 . Manning Personnel 

The normal operational crew for an HC-130 varies 
from five to nine depending on the type mission being con- 
ducted. Although the Coast Guard places flight hour and 
associated rest criteria limitations on aircrew members, 
as delineated in Ref. 3, the availability of qualified 
aircrew personnel is seldom a limiting factor for aircraft 
availability at home stations. During "non-working" hours 
ready crews are kept aboard air stations for immediate SAR 
mission response and additional crews can normally be 
recalled without undue delay. 
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3. Weather 



The weather factor/effect generally depends on 
time of year and locale. When weather at fields where 
aircraft are located is below instrument flight rule minimunis 
aircraft will not depart for other than the most critically 
urgent SAR cases. While sometimes a factor restricting 
the use of aircraft on-scene for SAR or other operational 
missions in COMLANTAREA, weather only infrequently affects 
the availability of aircraft for such missions. 

F. MEASURES OF EFFECTIVENESS 

Because of the multi- type mission requirements of the 
COMLANTAREA HC-130s, the limited number of these aircraft 
available, and the restricted operational budget of the 
Coast Guard, it is important that meaningful measures of 
operational effectiveness, in both of the major mission 
classifications and overall economical effectiveness, 
be selected and considered as part of a total decision 
assistance package. 

The determination of measures of operational effective- 
ness is particularly difficult in the case of SAR missions 
in view of the often intangible results achieved. To use 
the number of human lives assisted or saved as a measure 
of SAR operational effectiveness would be as gross an over- 
simplification as would the use of unanswered SAR cases. 

In one situation a search may be conducted for many days 
by several different units without a successful conclusion. 
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In another case a rescue vehicle may be directed to the 
scene of concern and a rescue effected within minutes. 

While the latter case gives a more graphic display of 
effectiveness, it cannot be assumed that the performance 
of units in the former situation was operationally ineffec- 
tive. Meaningful measures of SAR effectiveness might 
include speed of response, ability to respond in the quantity 
and duration desired, or number of SAR flights completed. 

Measures of effectiveness for non-SAR missions are 
more readily available in view of the generally "go/no-go" 
nature of the missions. Possible measures of effectiveness 
might include number of non-SAR flights completed, number 
of non-SAR missions not performed, or failures to respond 
in the quantity or for the duration required. 

It is important to realize that both SAR and non-SAR 
effectiveness will be affected by command priority decisions 
within, and between, these flight mission classifications. 

Variation in the cost of HC-130 operations is primarily 
affected by non-productive flight hours (extra flight hours 
required for a mission caused by the responding aircraft 
not being at the air station closest to the mission loca- 
tion), number of support facilities maintained, and require- 
ments for deployment of aircraft and crews. These factors 
provide a basis for developing economic measures of 
effectiveness . 
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III. METHODOLOGY 



To facilitate the evaluation of the effectiveness and 
associated costs of different distributions of the available 
HC-130 aircraft in COMLANTAREA a simulation model of Coast 
Guard aircraft operations in the Atlantic Ocean and Gulf of 
Mexico was required. Although a search and rescue simula- 
tion model has been developed for the United States Coast 
Guard [Ref. 4], it does not address the service's non-SAR 
mission responsibilities. In addition, it models neither 
the area nor the specific resources of concern in this study 
to the degree of significance required. Therefore, a new 
simulation of the required scope and detail was developed. 
The simulation developed specifically for this study is a 
fixed, one-hour time step, stochastic model programmed in 
FORTRAN IV for the IBM- 360 computer. The program requires 
approximately 170K of core storage and a running time in 
the vicinity of twenty seconds per replication year. The 
simulation model produces means and variances of selected 

t 

measures of both cost and operational effectiveness. 

A. SIMULATION MODEL 

The simulation model consists of a main program and five 
subroutines. The model stochastically develops SAR cases 
and non-SAR missions with exponential interarrival times. 

The cases and missions are then handled with available 
HC-130s or, if possible, with helicopters when HC-150s are 
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not available, according to a predefined set of decision 
rules. At the conclusion of each case and mission the 
number of mission flight hours and/or case on-scene hours 
that could not be satisfied with HC-130s or helicopters 
are recorded. When an HC-130 must undertake a case or mis- 
sion from an air station which is not the station closest 
to the case or mission the extra flight hours required are 
tallied. When HC-130s are required to remain overnight 
(RON) at air stations other than the one to which they are 
assigned because of maintenance difficulties or crew flight 
time restrictions, the RONs are tallied. 

The simulation model is designed to allow selection of 
any of three sites on the east coast of the United States 
as prospective locations for as many as fifteen HC-130s 
(total). Provision has been made for as many as 25 heli- 
copter stations on the eastern and gulf coasts. The operator 
can specify more than 250 variable parameters in the program 
ranging from weather factors to SAR case and mission 
priority distributions. A listing of the variable input 
parameters may be found in Appendix B. Seasonal variables 
such as weather, case occurrence rates and location distri- 
butions may be entered by months and the program automatical- 
ly alters these parameters each simulation month. Some of 
the other operational refinements that the simulation model 
possesses include: 

(1) Inflight abort of aircraft. 

(2) Inflight shifting of aircraft between SAR cases. 
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(3) Substitution of helicopters for IIC - 1 3 Os . 

(4) "Closing" of air stations due to weather. 

(5) Maintenance downing of aircraft upon landing and 
at start-up. 

(6) Shifting availability rates for helicopters as 
determined by number assigned to station and 
number on HC-130 cases. 

(7) Holding of non-SAR missions for variable periods 
if HC-130s are not available. 

(8) Built-in decision rules for allocation of HC-130s 
among cases and missions when insufficient resources 
exist . 

(9) Continuous on-scene coverage capability on SAR 
cases for up to 24 hours. 

(10) Assignment of up to four HC-130S to a particular 
SAR case. 

(11) Shifting of aircraft between air stations. 

A detailed discussion of the simulation model's execution 
procedures and decision rules is contained in Appendix D. 

1 . Assumpti ons 

Most of the design assumptions made in the 
computer simulation were included for simplicity. Other 
assumptions, implicit in the operation of the program, were 
necessitated by a lack of factual data. The model assump- 
tions include: 

a. SAR Case and Non-SAR Mission Occurrence Times 
Both sets of occurrence times are assumed to 
be characterized by Poisson distributions. Three separate 
rates are used for each month: two for SAR and one for 

non-SAR missions. The SAR mission rates are for peak rate 
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and non-peak rate days in the week. Occurrence rates are 
assumed to be unaffected by time of day. 

b. SAR and Non-SAR Mission Departure Times 

Because of daylight conditions, it is assumed 

that aircraft will not depart on non-continuous SAR cases 
prior to 0600 or after 1600 daily. Normal mission departure 
times are assumed to be at 0800 and 1200 daily. Special mis- 
sions and continuous SAR case departures are made regardless 
of time of day. 

c. HC-130 Maintenance Discrepancy Times 

It is assumed that discrepancies on HC-130s are 
noted in flight, after landing and on start-up. 

d. Area Design 

The east coast of the United States is represented 
by a straight line running approximately through Otis Air 
Force Base, Massachusetts, and Daytona Beach, Florida. The 
Gulf of Mexico is then modeled as a rectangle extending to 
the west and displaced slightly to the south. The displace- 
ment to the south is done to keep flight distances as 
nearly in proportion as possible. The southern limit of 
the simulated area is represented by a line perpendicular 
to an extension of the simulated Atlantic coast line and 
passing 20 nautical miles southwest of Merida on the Yucatan 
Peninsula. Air stations and mission pick up points within 
100 nautical miles of the simulated coast lines are pro- 
jected perpendicular to the simulated coast lines. See 
Figure 1. 
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CGAS CCOO 
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FIGURE 



SAR Case Positions 



e . 

A discrete distribution of cases between the 
First, Third and Fifth, and Seventh and Eighth Coast Guard 
Districts is used. For all cases in the Atlantic Ocean, 
the distances offshore are assumed to be exponentially dis- 
tributed from 10 to 1,000 nautical miles with the mean 
distance being specified by the operator. In the Gulf of 
Mexico all cases are assumed to be uniformly distributed 
throughout the area. In the Atlantic Ocean all cases 
except those in the First Coast Guard District north of 
Maine are assumed to be uniformly distributed along the 
coast within the respective district groupings. Cases 
in the First Coast Guard District north of Maine are 
assumed to be exponentially distributed along the coast 
from Maine north. 

f. International Ice Patrol 

It is assumed that one HC-130 from the most 
northern air station having HC-130s assigned will be 
deployed for the period March through July and will fly 
500 hours on ice patrol. 

g. Inflight Abort 

For an HC-130 aborting a flight it is assumed 
the aircraft will fly directly to the closest HC-130 air 
station at 200 knots. Aborts are only considered for SAR 
case flights and flights transferring aircraft between 
HC-130 stations. 
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h. Operating Locations 

It is assumed that HC-130s will only operate 
out of, and RON at, designated HC-130 air stations. 

i. Short-Range Recovery Capability 

In the event of HC-130 non-availability it is 
assumed that HH-3F helicopters are preferable to HH-52A 
helicopters for substitution if the case location and type 
are amenable to helicopter substitution. The simulation 
does not provide for MRS aircraft as they are considered to 
be designated for specialized non-SAR missions. 

j. Flight Distances 

All distances to SAR cases are considered to 
be straight line distances. Distances between air stations 
and other locations ashore are computed as straight line 
distances and then corrected for increases caused by flying 
airway routes. 

k. Personnel Availability 

It is assumed that personnel availability is 
not a factor in determining aircraft availability for air- 
craft at their home air stations. For aircraft away from 
their home stations, flight crew rest criteria are considered 
as a limiting factor in the return of such aircraft to their 
home stations. 

l. Allocation Restrictions 

In selecting possible allocation alternatives 
between three proposed locations it is assumed that no less 
than three IIC-130s will be assigned to one location. 
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m. Number of Aircraft Assigned to SAR Cases 

It is assumed that no more than four HC-130s 
will be assigned to any one SAR case. 

n. Non-SAR Mission Origin Locations 

The primary origin locations for HC-130 mission 
requirements are considered to be at the three proposed 
HC-130 air stations, the U. S. Coast Guard Academy, 
Washington, D. C., and the five district offices in 
COMLANTAREA. 

o. Training Flights 

While training flights consume a large portion 
of available flight time they are not considered to be a 
limiting criterion in fulfillment of SAR and non-SAR mis- 
sion requirements. Therefore, training flights are not 
provided for within the simulation model. 

p. Aircraft Accountability 

HC-130s on SAR cases are launched and returned 
for each individual sortie. HC-130s on non-SAR missions 
are launched for the mission and are assumed to be unavail- 
able for other missions or cases until termination of the 
mission to which assigned. 

q. HC-130 Maintenance 

The minimum down time due to any one mechanical 
discrepancy considered by the simulation is two hours and 
the maximum is 72 hours. It has been assumed that the com- 
puterized check procedure will be in effect, thus alleviating 



31 



large down times for check maintenance. All I IC - 150s 
returning from flights which do not have mechanical 
discrepancies are considered unavailable for one hour after 
landing. This provides for refueling, etc. These "refuel- 
ing periods" are not tallied as down times. 

r. HC-130 Flight Endurance 

It is assumed that the maximum flight 
endurance for HC-130s, allowing adequate fuel reserve, is 
ten hours. 

s. Inflight Aircraft Location 

If an aircraft is to be diverted or must abort 
a flight it is assumed to be half way between its initial 
or interim point of departure and interim or final destina- 
tion or at the SAR case datum point depending on its employ- 
ment status. 

2 . Verification 

The simulation model was constructed by sectioning 
the main program and adding subroutines as new sections of 
the main program which required the use of a particular 
subroutine were developed. After each milestone in pro- 
gramming was reached, such as case occurrence time 
generation, mission characteristics generation in subroutine 
MICA, addition of subroutine PLANE, etc., verification runs 
were made. The purpose of the verification runs was to 
ensure that the newly added portion of the program was 
performing as the programmer intended and also to be sure 
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that the operation of the previously programmed portion 
of the model had not been altered by the new addition. 

The model was debugged and positive verification com- 
pleted after each milestone before proceeding further. 

3 . Validation 

Validation of the model required specific real 
world data with which to compare the results obtained 
from the model. Although data are available on HC-130 
operations in COMLANTAREA, they are not in the form 
required by the model. The only data readily available 
are the number of hours the COMLANTAREA I IC - 130s have flown. 
These hours are broken down by programs but breakdowns 
within the program areas are not available. General SAR 
data breakdowns are supplied to Coast Guard Headquarters 
but the capability to readily aggregate this information 
in the specific detail required by the subject simulation 
does not, as yet, exist. 

In order to approach validation of the simulation 
model the program flight data for COMLANTAREA HC-150s in 
FYs 70-72 were gathered. The data were then organized into 
the form required by the model by subjective analysis 
based on experience. The other variable parameters required 
by the program were selected in a like manner. The simula- 
tion was then run with six HC-130s located at CGAS Elizabeth 
City, North Carolina, which was the assignment situation 
when the general data were gathered. Using a confidence 
level of 951 and uncertainty limit of 51 the simulation 
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indicated that 6.44% of the SAR case on-scene hours and 
5.29% of the mission hours which were actually covered 
could not be covered under the simulated conditions. 
Realizing that a computer simulation can only approach 
the real world and can never be programmed to institute 
the vast capability of the human mind to adapt to constant- 
ly shifting decision situations, the results of this valida- 
tion run are considered to indicate that the model, within 
limits, favorably reflects the system as it actually 
operates . 

Further satisfaction in the validity of the model 
is gained when evaluating the results of the sensitivity 
analysis . 

4 . Sensitivity Analysis 

After the base parameters had been determined for 
the first year to be inves tigated- - FY 75--a sensitivity 
analysis of the simulation was conducted using an assign- 
ment distribution of three HC-130s at the central air 
station and five at the southern air station. Individual 
parameters were changed, usually by 10%, with the other 
parameters fixed at their base values. In the case of 
discrete cumulative distribution functions (CDFs) , the 
mean values of the CDFs were shifted 10%. Relative changes 
in the mean statistics were calculated as percentage 
increases or decreases from the base mean statistics. 

When the total SAR on-scene hours and/or mission flight 
hours requested were changed due to a change in a base 
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parameter, the relative changes in the mean statistics 
were calculated as changes in percentages using base mean 
statistics and base total hours requested versus the newly 
generated mean statistics and total hours requested. 

The results of the sensitivity analysis are tabulated 
in Appendix C. Few of the parameter changes effected major 
changes in the measures of effectiveness or cost and all of 
the changes corresponded with what could be expected in 
the actual operational system. The most significant changes 
resulted when the mean priorities of the SAR cases and non- 
SAR missions were altered. Of particular note was the 
relative stability of the SAR coverage as compared to the 
mission coverage. This would indicate that the simulation, 
with the base parameters as specified, is biased toward 
the SAR work load. This bias is also indicated in the 
changes produced by increasing the SAR cases and non- SAR 
missions per year with the greater losses being found in 
mission flight hours. Significant decreases in both mission 
and SAR coverage were noted with a shift of mean SAR case 
location 10% to the north which is understandable in 
light of the aircraft assignment distribution used for the 
analysis. Also worthy of note is the relative insignifi- 
cance of changes resulting from altering the helicopter 
availability parameters. 
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B. MEASURES OF EFFECTIVENESS 



Because of the multi-purpose role filled by HC-130s, a 
single measure of operational effectiveness such as total 
number of hours flown is considered inappropriate. With 
the general split in the HC-130 responsibilities being made 
between SAR and non-SAR missions, a measure of operational 
effectiveness for each of these two major employment classi- 
fications is considered necessary. By selecting a measure 
of effectiveness for each of the two genera] employment 
classifications the manager/decision-maker is presented 
with a more detailed picture and is provided with the 
opportunity to individually weigh the importance of each 
in his operational utility function. 

The measures of operation effectiveness selected in 
this study are the number of SAR on-scene hours requested 
that cannot be satisfied and the number of non-SAR mission 
flight hours requested that cannot be flown. Several 
alternative measures of effectiveness were evaluated but, 
because of the general characteristics of the HC-130, 
these measures were considered to be the most representa- 
tive performance level indicators of HC-130 operational 
requirements . 

C. RELEVANT COST FACTORS 

In evaluating the costs corresponding to the different 
potential assignment distributions of the HC-130s in 
COMLANTAREA, the relevant costs, those costs that will 
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vary with the different assignment distributions, must be 
identified. With the acquisition of the aircraft already 
determined and thus the requirement for flight crews fixed, 
many of the overall system costs could be disregarded as 
independent of the assignment decision to be made. 

The relevant costs, depending on the assignment 
distribution being considered, fall into three broad 
classifications: base procurement, facility construction 

and improvement, and operating costs. Base procurement 
cost is relevant in the situation where HC-130s are to be 
assigned to a location where a military air field has not 
existed previously. Facility construction and improve- 
ment costs are involved whenever, due to the addition of 
HC-130s or because of continued assignment of HC-130s, 
new hangars and other facilities must be built or renovated. 

The broad classification of operating costs can be 
split into direct and indirect operating costs. Direct 
operating costs include those costs resulting from the 
actual operation of the aircraft. In evaluating the 
differences between location distributions the relevant 
costs are the fuel and maintenance costs of operational and 
extra flight hours flown and the per diem costs associated 
with flight crews that must remain away from their home 
units. The simulation model gathers both the extra flight 
hours and RON statistics which result from the various 
assignment distributions of aircraft during each simulation 
run . 
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The potentially relevant indirect operating costs 
include : 

(1) Additional base operating expenses resulting from 
having HC-130s at two different air stations. 

(2) Cost of maintaining separate inventories of repair 
parts and maintenance equipment, and 

(3) Command and control costs associated with adding 
another air station. 
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IV. DATA DEVELOPMENT AND ANALYSIS 



Following the selection of relevant cost factors and 
meaningful measures of effectiveness it was necessary to 
exercise the simulation model to obtain the data pertinent 
to the study. 

A. BASE CASE SPECIFICATION 

The first requirement, in order to exercise the model, 
was to specify the basic inputs for the first year to be 
considered, FY 75. As pointed out in Chapter III, a data 
base in the form and detail required by the"model is not 
available. In order to develop the values of the basic 
inputs and requirements for the first year, data in varying 
forms were gathered and transformed- - through subjective 
analysis based on experience with the system- -into input 
values for the specification variables of the model. The 
basic variable values may be found in Appendix B. 

As noted in the sensitivity analysis discussion, the 
two variables which displayed the greatest effect on the 
model results were the general SAR case location distribu- 
tion and the SAR case and non-SAR mission loads. To 
specify the general SAR case location distribution, FY 71 
data on case distances offshore (by districts) was obtained 
and interfaced with district aircraft trackline miles found 
in Ref. 5. These factors were considered indicative of 
general HC-150 SAR case location distributions because of 
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the aircraft's primary SAR utilization as a long-range 
search vehicle. The results obtained indicated fifteen 
per cent of the HC-130 cases occur in the First Coast 
Guard District, twenty- five per cent in the Third and 
Fifth Coast Guard Districts and the remaining sixty per 
cent in the Seventh and Eighth Coast Guard Districts. 

The determination of projected FY 75 HC-130 requested 
SAR case on-scene and non-SAR mission flight hours was, 
of necessity, highly subjective. This was caused by the 
fact that the Coast Guard has never maintained data on 
the requests for HC-130 services which have not been met 
and also because the model differentiates in its treat- 
ment of domestic and deployment SAR requirements. Domestic 
SAR requirements are those SAR cases which are met on a 
continuing basis from the proposed HC-130 air stations and 
are the SAR cases modeled in the simulation. Deployment 
SAR requirements are those cases which are outside of the 
normal COMLANTAREA operating areas. These cases are 
modeled as priority one "non-SAR" missions in the simulation. 
Another factor contributing to this subjectivity in case 
and mission load selections was the assumption that the 
medium-range surveillance (MRS) aircraft would not perform 
SAR flights. 

A basis for the subjective determination of FY 75 SAR 
and mission loads was the forecast requirements found in 
Ref. 1. One-half of the HC-130 Marine Environmental 
Protection (MEP) and Enforcement of Laws and Treaties (ELT) 
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flight hour requirements [Ref. 1] were transferred to the 
MRS aircraft and, in return, one-half of the MRS projected 
SAR requirements were transferred to the HC-130s. One 
quarter of the projected SAR hours forecast for HC-130s 
were transferred to the HC-130 non-SAR mission load as 
deployment SAR cases. Finally, ten per cent of the total 
HC-130 SAR hours remaining were cut as enroute time because 
the model only considers on-scene time. Ten per cent is 
felt to be sufficiently low so that the remaining enroute 
hours coupled with the added MRS SAR requirements give a 
better indication of the total needs for HC-130 services. 

A less satisfactory alternative would be the normally 
programmed number of hours the aircraft are expected to be 
able to accomplish. This requirement for desired versus 
programmed capability was also met for "non-SAR" mission 
flight hours by transferring only half of the HC-130 MEP/ELT 
flight hour requirements to the MRS aircraft. 

Helicopter assignments and availabilities were based 
on the projected assignment status in Ref. 1 and the 
readiness data found in Ref. 6. Because the model does 
not provide for aircraft maintenance down-time other than 
during start-up and landing, these figures, both for 
probability of down status and the duration of down-time, 
appear high. However, the selected parameter values 
produce acceptable overall down-time during the model's 
performance, an effective range of 25 to 30 per cent of the 
potential HC-130 flight hours available. 
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B. DATA PRODUCTION PROCEDURES 



Data were gathered for the projected remaining operational 
lifetime of the HC-130s, FY 75 through FY 84. The forecast 
annual growth rate for maritime activity in the area of 
concern is 4.4% [Ref. 7]. Reference 1 forecasts an 
unchanging requirement for HC-130 SAR hours throughout the 
ten-year period which would indicate that this forecast 
requirement figure is considered a program limit rather 
than a true "requirement" or need for HC-130 SAR flight 
hours. Although the forecast HC-130 mission flight hour 
requirements in Ref. 1 fluctuate, they do not show any 
significant growth rate. This view is not consistent with 
the thrust of this study: To consider the effect of 
assignment location on the ability to meet all requirements 
made for HC-130 services. Therefore, without other guide- 
lines available, a 4.4% growth rate per annum was used to 
forecast yearly SAR on-scene and non-SAR mission flight 
hour loads projected from the FY 75 base loads. The SAR 
on-scene and mission flight hour requirements specified 
for each year may be found in Appendix A. 

The three assignment locations evaluated in this study 
were the primary sites now under consideration by the Coast 
Guard, CGAS Cape Cod, CGAS Elizabeth City and the St. 
Petersburg- Clearwater International Airport. The number of 
replications required for each assignment distribution in 
each year was calculated for a confidence level of 0.95 
and an uncertainty limit of 0.05. However, because of 
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computer time and scheduling limitations, each assignment 
distribution was exercised for a fixed 100 replication years. 
Following the completion of runs for all twelve assignment 
distributions for a particular year, the SAR case and non- 
SAR mission loads were increased by the 4.41 per annum growtli 
factor and the random number generator seeds set at the ter- 
mination values from the previous year's runs. Runs for the 
next year were then made. A summary of the resulting data 
is contained in Appendix A. 

C. DATA ANALYSIS AND RESULTS 

Determination of the number of replication years 
required to meet the specified confidence level and uncer- 
tainty limit (0.95, 0.05) was based on the assumption that 
the output data are normally distributed, a direct applica- 
tion of the Central Limit Theorem. The computational form 
used in the program is 
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where N = Number of Replication Years required. 

C = Normal critical value for confidence level. 

E = Uncertainty limit, 
x = Observation (year mean) . 

With the N value calculated for specified E and C values. 
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value can be determined. Therefore, although a set 100 
replication years were run for each assignment distribution 
regardless of the N value calculated-, the actual uncertainty 
limit achieved in the 100 replication years can be deter- 
mined by 



E 




Following the completion of all computer runs, the maximum 
uncertainty limits of SAR on-scene hours not satisfied, 
mission flight hours not performed, extra hours flown and 
total RONs were determined for each aircraft distribution. 
These values range from 2.56 to 8.77 per cent and may be 
found in Appendix A. Statistical significance of the results 
could then be identified by upper/lower bound comparisons of 
the data. 

1 . Operational Effectiveness Results 

The following aircraft distributions are ranked 
in the order of effectiveness from high to low for the ten 
years studied, FY 75 to FY 84. The vertical lines to the 
right bound statistically insignificant differences in 
results at the 951 confidence level. 
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MISSION EFFECTIVENESS 



Aircraft Distributions 
CCOD ECITY S P-CW 

4 4 0 

5 3 0 

3 5 0 

4 0 4 

5 0 3 

3 0 5 

0 3 5 

0 4 4 

0 5 3 

8 0 0 

0 8 0 

0 0 8 



Per Cent Flight Hours 

Not Performed 

13.91 " 

14. 12 
14.50 
16.03 

16.15 
16. 25 I 
17.21 
17.42 
17.45 { 

20.15 
21.53 
23.41 



SAR EFFECTIVENESS 

Aircraft Distributions Per Cent On-Scene Hours 



CCOD 

0 

0 

3 
0 

4 
0 

5 

3 

4 
0 

5 
8 



ECITY 

3 

4 
0 

5 
0 
0 
0 
5 
4 
8 
3 
0 



SP-CS 

5 

4 

5 ' 

3 

4 
8 
3 
0 
0 
0 
0 
0 



Not Performed 
30. 53 T 
31.08 
31.63 
31.82 
32.40 
3 2 . 6 2 _[ 
33.81 | 

37.12 
37.25 
37.39 
37,98 
41.97 



A graph of these results is contained in Appendix A. 
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2. Cost Results 



The costs developed in this study are in undiscounted 
1972 dollars. This is not considered to seriously affect the 
viability of the cost portion of the study because 

(a) The significance in the costs lies not in individual 
totals but in the relative differences of costs 
between the various aircraft location distributions } 

(b) All of the one-time costs will be incurred in the 
first few years of the program under each 
alternative , 

(c) The only indirect operating cost of a recurring 
nature will be that due to changes in general 
service rating complements at CGAS Cape Cod and 
St. Petersburg-Clearwater , if required, and, 

(d) The recurring direct operating costs are only a 
function of the capability of the HC-130s to meet 
their operational requirements as determined by 
their location and are relatively independent of 
decisions made after the initial assignment dis- 
tribution is determined. 

When addressing the question of costs associated 
with the different aircraft assignment distributions the 
statistical significance of differences in the direct 
operational cost factors is not of key importance. What 
is important is the total relevant cost differentiations 
between the various assignment distributions. 

a. Procurement and Indirect Operating Costs 

The relevant costs, other than direct operating 
costs of the aircraft, include the following one-time cost 
estimations made by the Coast Guard in its program budget- 
ing projections: 
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CGAS Cape Cod 

New Facility Construction $2,300,000 

CGAS Elizabeth City 

New Facility Construction $2,100,000 

St. Petersburg-Clearwater 

Property and Facility Acquisition $ 750,000 

Facility Renovation 1,030,000 

New Facility Construction 800,000 

$2,580,000 

If two locations are to be used an estimated one-time 
expenditure of $760,000 will be required to set up a second 
spare parts inventory and procure the necessary maintenance 
equipment. In the event a location other than, or in 
addition to, CGAS Elizabeth City is to be utilized, a 
complement of twenty- five general service ratings will 
have to be added to the subject station's personnel comple- 
ment. This will be a recurring cost over the period of 
concern. Computed at the Coast Guard cost planning factor 
of $12,000 per general service rating per year, the ten- 
year cost for twenty- five general service ratings will be 
$3,000,000. 

Command and control costs other than the general 
service ratings are not considered to be relevant in the 
study. This is because command and control personnel 
presently exist at CGAS Cape Cod and CGAS Elizabeth City. 

In the case of St. Petersburg-Clearwater, if it is selected 



47 



as an 11C-130 station site, the Coast Guard plans to close 
their present CGAS St. Petersburg and transfer its command 
and control personnel from that station to the new site, 
b. Direct Operating Costs 

The relevant direct operating costs for this 
study are considered to be the fuel and maintenance costs 
of the SAR on-scene, mission, and extra flight hours flown 
as well as the RON per diem costs. The 1972 fuel and 
maintenance costs per HC-130 flight hour are $477. In 
order to arrive at a per diem cost for RONs , the size of 
the flight crew must be specified and a mean situation as 
to availability of meals and quarters assumed. The size of 
a SAR flight crew is assumed to be nine: three officers 

and six enlisted men. Assuming that the following distri- 
bution of meal and quarters availability could be expected, 

Available Proportion 



Meals and Quarters 


. 5 


Quarters only 


. 2 


Meals only 


. 1 


Neither 


. 2 



costs of $12.34 per officer and $9.93 per enlisted man were 
obtained for a total cost of $96.60 per RON per flight 
crew. 

c. Total and Differential Assignment Oriented Costs 
The following aircraft distributions are ranked 
in the order of total ten-year costs relevant to variation 
in assignment locations from low to high: 
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Aircraft 


Distribution 




Costs^ 




CCOD ECITY 


SP-CS 


Non -Direct 


Direct 


Differential 


0 


8 


0 


$2.1 M 


$30.6 M 


$0.0 M 


0 


0 


8 


5.6 


30.7 


3.5 


8 


0 


0 


5.3 


31.6 


4.2 


0 


4 


4 


8.4 


31.4 


7.2 


0 


5 


3 


8.4 


31.5 


7.3 


0 


3 


5 


8.4 


31.5 


7.3 


3 


5 


0 


8. 2 


31.9 


7.4 


4 


4 


0 


8. 2 


32. 2 


7.7 


5 


3 


0 


8. 2 


32.3 


7.8 


3 


0 


5 


11.6 


31. 7 


10.6 


4 


0 


4 


11.6 


31.9 


10.8 


5 


0 


3 


11.6 


32.0 


10.9 



+ 

Costs arc in 1972 millions of dollars. 

• 4 * * 4 * 

Differential costs are based on minimum cost for assignment 
of eight HC-130s at CGAS Elizabeth City. 



A graph of these costs with operational effectiveness results 
is contained in Appendix A. 
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V. SUMMARY OBSERVATIONS 



The subject cost-effectiveness study is based on a 
computer simulation model. Thus, its validity is dependent 
on that of the model and the method by which it was employed 
in the study. Simulation models can only model significant 
portions of the complex system they are intended to portray. 
The model developed for this study is no different; its 
simplifying assumptions, both explicit and implicit, limit 
its true portrayal of the complex HC-130 air operations in 
COMLANTAREA. For this reason, absolute cost and effective- 
ness figures produced by the model must be used with caution. 
However, because observations of the capabilities of 
varying aircraft assignment distributions to satisfy 
identical flight requirements were made under identical 
decision criteria, the relative capabilities of the distri- 
butions to satisfy these requirements and their differential 
costs are meaningful and do, in fact, indicate the relative 
merits of each distribution. 

In exercising the simulation model several characteristics 
of HC-130 flight operations in COMLANTAREA came to light: 
some' expected, some unexpected. It is important to note, as 
found during the sensitivity analysis of the simulation 
model, that the capability of a specific distribution of 
aircraft to meet the flight requirements imposed on the 
system is significantly affected by a shifting of the SAR 
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case location density. This is not a surprising result 
but it does indicate that if a shift in SAR case activity 
occurs, a redistribution of aircraft may be necessary to 
maintain an optimal level of performance. 

Also of interest is the fact that with the majority 
of the SAR workload occurring in the Seventh and Eighth Coast 
Guard Districts, placing all of the HC-130s at the southern 
location (St. Pe tersburg-Clearwater) does not result in 
the most effective SAR performance. This is caused by 
the interaction in the system between SAR and non- SAR 
mission requirements and the fact that the major portion of 
non-SAR mission requirements exist in the north/central 
region of COMLANTAREA. Thus, the reduction in SAR per- 
formance capability is a result of aircraft non-availability 
in the southern area caused by HC-130s being sent from 
that area to perform SAR and non-SAR missions in the north/ 
central region. A similar cause and effect relationship 
is found for non-SAR mission effectiveness when all of the 
HC-130s are assigned to the northern location- -CGAS Cape 
Cod . 

Observation of the SAR on-scene flight hour completion 
percentages emphasizes the fact that demands on the system 
are significantly beyond its operational capability. This 
leads to the conclusion that if the Coast Guard is to more 
adequately respond to requirements for fixed-wing aircraft 
SAR flight hours, it must either increase its number of 
fixed-wing aircraft or utilize the proposed MRS aircraft 
for SAR. 
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The total cost spread between the aircraft assignment 
distributions is 10.9 million 1972 dollars for the ten-year 
period of the study, FY 75 through FY 84. The maximum 
direct operating cost difference found for the differing 
assignment distributions is 1.7 million 1972 dollars. 

This indicates the most significant costs associated with 
the system will be the initial outlay costs for facility 
procurement, construction and improvement, and the recur- 
ring command and control costs. 

As might be expected, changing from a one-air station 
HC-130 operation at CGAS Elizabeth City to either a single- 
station operation at another air station or to a two- 
station UC-130 operation will be costly. The minimum 
ten-year differential cost for any change in the location 
of COMLANTAREA HC-130s will be $3.5M and the maximum could 
be $10. 9M. It is particularly significant to note that 
a major portion of these differential costs must be incurred 
during the first few years of operation for facility pro- 
curement, construction and improvement and for spare parts 
and maintenance equipment procurement. In the case of 
shifting to a two-station operation these early program 
expenditures will run between $4.2M and $7.2M depending on 
the locations selected. 

The results of this study provide the decision-maker 
with the ability to identify incremental changes in both 
SAR and non-SAR effectiveness associated with incremental 
changes in cost caused by changing from a single HC-150 
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station operation based at CGAS Elizabeth City as 
follows : 

INCREMENTAL PERCENTAGE CHANGES IN EFFECTIVENESS 
Aircraft Distribution Changes 



CCOD 


ECITY SF 


•-CS 




SAR 


Non- SAR 


Costs* 


Total/$M* 


4 


4 


0 




+0. 22% 


+9.71% 


$ 7 . 6M 


0 . 


76%/$M 


4 


0 


4 




7.97 


7, 01 


10.8 


1 . 


38 


0 


4 


4 




10.08 


5.24 


7.2 


2. 


12 


0 


0 


8 




7.62 


(- ) 2 . 40 


3.5 


1 . 


49 


0 


3 


5 




10.96 


5.50 


7.3 


2. 


25 


3 


0 


5 




9. 20 


6 73 


10.7 


1 . 


49 


3 


5 


0 




0.43 


8.96 


7.4 


1 . 


27 


8 


0 


0 


(- 


) 7 . 32 


1.76 


4.2 


(-)l. 


32 


5 


3 


0 


(- 


) 0 . 94 


9.44 


7.8 


1 . 


09 


5 


0 


3 




5.72 


6.86 


10.9 


1 . 


15 


0 


5 


3 




8.90 


5.20 


7.2 


1 . 


96 


*Cos ts 


in 1972 


millions 


of doll 


ars . 








**Total 


effectiveness 


change per 


milli on 


dollar 


cost- 


-SAR 



and non-SAR effectiveness weighted equally. 



The final decision, of course, rests with the decision- 
maker. The information provided by this study is only one 
of the inputs that must be considered in the overall decision 
process. In conjunction with this information the decision- 
maker must not only weigh the relative importance of each of 
the main operational functions performed by the COMLANTAREA 
HC-130s but he must also take into account externalities 
such as politics, possible base closures by the Department 
of Defense- - CGAS Cape Cod is located at Otis Air Force Base, 
Massachusetts- -and forecasts of future funding capabilities. 

Based solely on the cost and effectiveness factors 
considered by the study and with equal importance being 
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given to the performance of SAR and non-SAR missions, it 
is concluded that the assignment of three HC - 130 aircraft 
at CGAS Elizabeth City and five at the St. Petersburg- 
Clearwater International Airport, reflecting a total 
incremental effectiveness increase of 2.25% per million 
dollars invested, would be the optimal cost-effective 
assignment distribution of eight HC-130s in the U. S. 
Coast Guard Atlantic Area. 
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APPENDIX A 



FISCAL YEAR FLIGHT HOUR REQUESTS 



Fiscal 

Year 


Flight Hours Requested 


Mission 


On-Scene 


75 


3050 


3410 


76 


3160 


3560 


77 


3290 


3740 


78 


3400 


3890 


79 


3530 


4060 


80 


3650 


4240 


81 


3780 


44 20 


82 


3960 


4620 


83 


4100 


4820 


84 


4260 


5050 


Total 


36,180 


41,810 
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SIMULATION MODEL OUTPUT DATA 



AIRCRAFT DISTRIBUTION: 

CGAS Cape Cod _4 
CGAS Elizabeth City _4 
St. Petersburg - Clearwater 0 



Fiscal 

Year 


Mission 
Fit. Hrs . 
Lost 


On-Scene 
Fit. Hrs. 
Lost 


Extra 
Fit. Hrs. 


Total 

RONS 


75 


320 


1190 


787 


390 


76 


_ 351 


1230 .... 


__ 821 


403 


77 


395 


1330 


8 51 


430 


78 


414 


1380 


881 


442 


79 


465 


1490 


893 


455 


80 


509 


1550 


928 


472 


81 


565 


1690 


951 


493 


82 


606 


1780 


989 


509 


83 


661 


1880 


1010 


525 


84 


748 


2050 


1040 


546 


Total 


5,034 


15,570 


9,151 


4,665 


Maximum * 
Uncertainty 
Limit (%) 


8.8 


3.1 


4.0 


3.3 



* 



At 95% Confidence Level 
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SIMULATION MODEL OUTPUT DATA 



AIRCRAFT DISTRIBUTION: 

CGAS Cape Cod _4 
CGAS Elizabeth City _0 
St. Petersburg - Clearwater 4 



Fiscal 

Year 


Mission 
Fit. Ilrs . 
Lost 


On-Scene 
Fit. Hrs . 
Lost 


Extra 
Fit. Hrs. 


Total 

RONs 


75 


387 


994 


622 


225 


76 


425 


1030 


667 


236 


77 


468 


1] 50 


685 


250 


78 


492 


1170 


724 


263 


79 


535 


1300 


737 


276 


80 


577 


1360 


778 


290 


81 


640 


1480 


816 


298 


82 


688 


1560 


854 


308 


83 


762 


1680 


858 


322 


84 


832 


1820 


873 


333 


Total 


5,806 


13,544 


7,614 


2,801 


Maximum * 
Uncertainty 
Limit (%) 


6.7 


3.2 


4.7 


3.5 



* 

At 95% Confidence Level 
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SIMULATION MODEL OUTPUT DATA 



AIRCRAFT DISTRIBUTION: 

CGAS Cape Cod 0_ 

CGAS Elizabeth City 4 

St. Petersburg - Clearwater 4 



Fiscal 

Year 


Mission 
Fit. Hrs . 
Lost 


On-Scene 
Fit. Hrs. 
Lost 


Extra 
Fit. Hrs. 


Total 

RONs 


75 


438 


932 


542 


236 


76 


460 


1000 


588 


254 


77 


519 


1090 


614 


264 


78 


547 


1130 


625 


273 


79 


565 


1230 


644 


286 


80 


636 


1310 


647 


300 


81 


705 


1410 


704 


309 


82 


728 


1510 


74 7 


321 


83 


816 ' 


1630 


740 


334 


84 


895 


1760 


782 


348 


Total 


6,309 


13,002 


6,633 


2,925 


Maximum * 
Uncertainty 
Limit (%) 


6.7 


3.8 


6.8 


2.9 



* 

At 95% Confidence Level 
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SIMULATION MODEL OUTPUT DATA 



AIRCRAFT DISTRIBUTION: 



CGAS Cape Cod 
CGAS Elizabeth 
St. Petersburg 



0 



City 0 

- Clearwater 8 



Fiscal 

Year 


Mission 
Fit. Hrs. 
Lost 


On-Scene 
Fit. Hrs. 
Lost 


Extra 
Fit. Hrs. 


Total 

RONs 


75 


635 


1010 


671 


218 


76 


666 


1080 


709 


234 


77 


715 


1160 


738 


234 


78 


762 


1200 


732 


250 


79 


780 


1300 


762 


259 


80 


850 


1360 


801 


268 


81 


921 


1480 


840 


278 


82 


972 


1570 


830 


289 


83 


1050 


1670 


888 


301 


84 


1130 


1810 


901 


307 


Total 


8,481 


13,640 


7,872 


2,638 


Maximum * 
Uncertainty 
Limit (%) 


6.4 


3.5 


5.7 


3.9 



* 

At 95% Confidence Level 
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